Bacteria and fungi form complex communities (microbiomes) in the phyllosphere and 21 rhizosphere of plants, contributing to hosts' growth and survival in various ways. Recent 22 studies have suggested that host plant genotypes control, at least partly, microbial community 23 compositions in the phyllosphere. However, we still have limited knowledge of how 24 microbiome structures are determined in/on grafted crop plants, whose above-ground (scion) 25 and below-ground (rootstock) genotypes are different with each other. By using eight 26 varieties of grafted tomato plants, we examined how rootstock genotypes determine 27 phyllosphere microbial assembly in field conditions. An Illumina sequencing analysis showed 28 that both bacterial and fungal community structures did not significantly differ among tomato 29 plants with different rootstock genotypes. Nonetheless, a further statistical analysis targeting 30 respective microbial taxa suggested that some bacteria and fungi were preferentially 31 associated with particular rootstock treatments. Specifically, a bacterium in the genus 32
INTRODUCTION

43
In both natural and agricultural ecosystems, bacteria and fungi in diverse taxonomic groups 44 are associated with plants, positively and/or negatively influencing the survival and growth of 45 their hosts (Vorholt 2012 In this study, we evaluated how below-ground genotypes of plants determine bacterial 90 and fungal community structures in/on leaves under field conditions. After growing grafted 91 tomato [Solanum lycopersicum (= Lycopersicon lycopersicum)] individuals in a filed 92 experiment, we analyzed the leaf microbial community compositions of the sampled tomatoes 93 based on Illumina sequencing. The contributions of below-ground genotypes on the 94 microbiome structures were then evaluated by comparing the microbial community datasets 95 temperature profile of 94 ºC for 2 min, followed by 8 cycles at 98 ºC for 10 s, 55 ºC for 30 s, 157 68 ºC for 50 s (ramp rate = 1 ºC/s), and a final extension at 68 ºC for 5 min. 158
The PCR amplicons of the 135 tomato individuals (and negative control samples) were 159 then pooled after a purification/equalization process with the AMPureXP Kit (Beckman 160 Coulter). Primer dimers were removed from the pooled library by a supplemental AMpureXp 161 purification process, in which the ratio of AMPureXP reagent to the pooled library was set to 162
The PCR of the fungal ITS1 region was performed with the forward primer ITS1F-KYO1 164 system of KOD FX Neo with a temperature profile of 94 ºC for 2 min, followed by 35 cycles 171 at 98 ºC for 10 s, 58 ºC for 30 s, 68 ºC for 50 s, and a final extension at 68 ºC for 5 min. 172
Illumina sequencing adaptors and 8-mer index sequences were added in the additional PCR 173 and then the amplicons were purified and pooled as described above. 174
The sequencing libraries of the prokaryote 16S and fungal ITS regions were processed in 175 an Illumina MiSeq sequencer (run center: KYOTO-HE; 15% PhiX spike-in). In general, 176 quality of forward sequence data is generally higher than that of reverse sequence data in 177
Illumina sequencing. Therefore, we optimized the settings of the Illumina sequencing run by 178 targeting only forward sequences. Specifically, the numbers of the forward and reverse cycles 179 were set 271 and 31, respectively: the reverse sequences were used only for discriminating 180 between 16S and ITS1 sequences in silico based on the sequences of primer positions. 181 sequencing data were deposited to DNA Data Bank of Japan (DDBJ) (BioProject accession: 188 PRJDB7150). Only forward sequences were used in the following analyses after trimming 189 low-quality 3'-end sequences using Claident. Noisy reads (Tanabe 2018 Samples with less than 500 reads were discarded in this process. In total, the rarefied matricesof the 16S and ITS1 regions included 125 and 132 samples, respectively: at least 13 replicate 213 samples per treatment were retained in both datasets (Supplementary Data 4) . 214
Relationship between the number of sequencing reads and that of prokaryote/fungal OTUs 217 was examined for each dataset (16S or ITS1) with the vegan "rarecurve" function of R. (N ranodomized (i, j)) were the mean and standard deviation of the number of sequencing reads for 246 the focal genus-rootstock combination across randomized matrices. Genera that occurred in 247 30 or more tomato individuals were subjected to the randomization analysis. 248
For the genera that showed significant preferences for specific tomato rootstock varieties, 249
we performed an additional analysis to evaluate which bacterial/fungal OTUs in each genus 250 had strong host-variety preferences. Specifically, the randomization analysis of the above 251 preference index (100,000 permutations) was applied to rarefied sample × OTU matrix of the 252 A statistical test based on PERMANOVA showed that replicate sampling positions, but 277 not tomato rootstock varieties, significantly explained variation in the whole structure of the 278 bacterial/fungal community (Table 1) . However, further analyses targeting respective genera 279 (Table 2 and 
Randomization Analysis of Preferences for Rootstock Varieties 287
A randomization analysis indicated that the bacterial genus Deinococcus occurred 288 preferentially on the ungrafted tomato individuals (Fig. 3A) . Likewise, the fungal genus 289
Hannaella showed preferences for the rootstock variety "Ganbarune" (Fig. 3B) . In an 290 additional randomization analysis, a bacterial OTU phylogenetically allied to Deinococcus 291 citri (P_040) and fungal OTUs allied to Hannaella oryzae (F_427 and F_428) displayed (Table 4) . 294 295
DISCUSSION
296
The field experiment using eight tomato rootstock varieties suggested that below-ground plant 297 genotypes did not significantly affect the entire structures of the phyllosphere microbiomes 298 (Table 1) with hosts are likely irrespective of host below-ground genotypes (Fig. 2) , may affect growth 323 of tomato plants both positively and negatively. 324
Our data also indicated that fungi in the ascomycete genus Cladosporium and the 325 basidiomycete genera Dioszegia and Moesziomyces (anamorph = Pseudozyma) were abundant 326 within the tomato phyllosphere (Fig. 2) Although this study provides some implications for how phyllosphere microbiomes of 368 grafted plants can be influenced by rootstock genotypes, potential pitfalls of the present 369 results should be taken into account. First, as our data were based on a snapshot sampling in 370 the late growing season of tomato, we are unable to infer the timing at which the observed 371 bacteria and fungi colonized the tomato phyllosphere. Therefore, some of the detected 372 bacterial and fungal OTUs might colonize the tomato individuals before they were 373 transplanted into the experimental field. However, given that spatial positions within the field 374 had significant effects on the microbial community structures (Table 1) 
